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Abstract 
This study aims to describe how science pedagogical content knowledge (PCK) is reflected in the learning experiences of future 
primary teachers. Questionnaires and focus groups were used and data analysed by domains of PCK - orientation to teaching 
science, pupils´ thinking about science, instructional strategies for science, the science curriculum and assessment of pupils’ 
science learning. Most experiences related to general aspects of teaching and learning and less with science-specific factors. The 
result that some PCK domains are half or less significant could reveal why primary science student teachers do not meet some 
expectations of supervisors, teachers and pupils. 
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1. Introduction 
It has been shown that students’ experiences in initial teacher education influence both career choice (Cochran-
Smith et al, 2012) and effectiveness (Gray, Bastian and Fortner, 2011) thus support for student teachers should be a 
constant focus for teacher educators. This study addresses the issue of a deeper understanding of future primary 
teachers’ learning about science teaching. Primary teachers are generalist teachers who must be competent in many 
subject fields. This is not an easy task. Several studies describe specific subject-related challenges for pre-service 
teachers in the primary science classroom. These difficulties include implementing science inquiry teaching 
(Biggers and Forbes, 2012; Yoon, Young and Kim, 2012), problems in teaching school science as argument 
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(Zembal–Saul, 2009) or in adaptation of curriculum materials (Forbes and Davis, 2008). Difficulties found in 
primary science teaching for student teachers are: understanding characteristics of pupils’ ideas, understanding 
learners different from themselves, finding balance between freedom and structure and the characteristics of the 
situation they have in practice (Davis and Smithey, 2009, c.f. Otero and Natan, 2008). Described problem areas are 
recognisable as components of science pedagogical content knowledge (PCK).   PCK, a concept introduced by 
Shulman (1986), is a helpful and widely used construct to aid our thinking about how science teachers learn and 
what they know about teaching (Loughran, Mulhall and Berry, 2008). It is unique to teaching and the key to 
development of expertise (Shulman, 1986). There are underdeveloped ideas (such as relation with pupils’ 
knowledge and effect on instructional strategies) in the concept of teachers’ knowledge (Fisher, Borowski and 
Tepner, 2012) nevertheless there are, in general, several distinguishable fields of knowledge integrated with practice 
in PCK. The description of Schneider and Plasman (2011) is followed in this study. They have, in studies of the last 
two decades, identified five broad fields of PCK (1) orientation to teach science, (2) thinking about science, (3) 
instructional strategies in science teaching, (4) the science curriculum, and (5) assessment of students` science 
learning. All these PCK areas have components characterizing the field of knowledge in more detail (see table 1). 
Thus a description of expected PCK from science teachers is rather complex. 
Student teachers are at the beginning of their professional career. Nevertheless they face high expectations to be 
competent on all areas of PCK. As they are still learning to teach science the targeting of specific ideas as end points 
is less helpful then describing learning progressions within the frame of those aims (cf Schneider and Plasman, 
2011). Moreover PCK is topic, person and situation specific (Van Driel and Berry, 2012).  Whilst contexts describe 
external aspects, emotions describe the internal, meaning-making aspects of teacher development. The meaning 
people give to activities is reflected in the emotions they express to describe their experiences (cf. Zembylas, 2007). 
Therefore student emotions about teaching can help teacher educators to understand the most meaningful and 
significant teaching experiences (Timostsuk and Ugaste, 2012). Concentrating on meaningful personal experiences 
from the early stages of science teaching can reveal significant areas of PCK in student teacher´s learning. For 
teacher educators´ the pattern of student teachers´ PCK during first teaching experience reveals the impact of 
previous studies indicates future steps to help student teachers´ develop their personal PCK and promotes teacher 
education programs. The aim of the study is to describe which domains of science PCK are reflected in the most 
significant teaching experiences of future primary teachers. 
 
2. Research method 
 
2.1. Aims and the data collection instruments 
The main aim of the study is to describe which domains of science PCK are reflected in the most significant 
teaching experiences of future primary teachers. A questionnaire and focus group interviews were implemented. 
Qualitative data was collected in stages. In the first stage a questionnaire about learning experiences was used 
consisting of the questions: (1) Think about your experiences as primary science teacher. Underline from the listed 
emotions the one that prevailed: Pride, enjoyment, hope, anxiety, anger, and shame; (2) Describe one typical 
situation in a science class that evoked the most dominant emotion; (3) What are other experiences relevant to 
science teaching you consider as important in your professional development. The first two questions were about the 
prevailing achievement emotion (Pekrun et al., 2007) in science teaching and about typical situations related to this 
emotion. The third question provided student teachers with an opportunity to reveal additional information about 
significant science teaching experience. Focus group interviews were implemented in stage two. Student teachers 
were divided into groups of six - seven persons. The questions in the questionnaire were repeated and the students 
were asked for additional comments. They were asked, for example, to explain thoroughly, describe and give 
subjective examples of their emotional experiences during science teaching. 
 
2.2. Participants and context 
The sample consisted of 25 Tallinn University students that started the primary school teacher program in 2009. 
Purposeful sampling was implemented to select people who could develop a detailed understanding of the theme 
(Patton 1990): thus all students participating in the teaching practice of 2012 were included. Student’s experiences at 
the end of their first teaching practice were explored, the first practice having taken place in the middle of  year three 
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of the students five-year study program.  Student teachers spend eight weeks in school teaching all subjects 
including science. They teach two science lessons in one week. They had completed science studies (6 European 
credit points (ECP)) and studies about science teaching (4 ECP) in university before the practice. Student teachers 
have to complete a second teaching practice during their pre-service course. The final eight-week teaching 
practicum takes place during in the next study year. Thus experiences after the first teaching practice can more 
directly characterize the influence of theoretical studies in the university on student teachers learning about science 
teaching and first experiences of bridging theory- practice gap can potentially evoke significant learning 
experiences. 
 
2.3. Data analyses methods 
The data collected was recorded, transcribed and analyzed using the NVivo7programme. Data analysis units were 
formed from texts (using one word, a sentence or several sentences cf. Chi, 1997) that contained an expression of 
similar thought. The achievement emotion related to the experience was identified. The collected data then were 
analyzed into five areas of science PCK (1) orientation to teach science, (2) thinking about science, (3) instructional 
strategies in science teaching, (4) a science curriculum, and (5) assessment of students` science learning and into 
corresponding categories for each component (Schneider and Plasman, 2011). 
The data units about experiences were coded under components of PCK  as follows: (1) orientation to teach 
science (my view about science as a useful lesson for children’s understanding about the world became much 
stronger), (2) thinking about science (I am wondering what I do not yet know about the nature of science), (3) 
instructional strategies in science teaching (group discussion is an extremely challenging method for me in  science 
class), (4) a science curriculum (I know now that the facts about water circulation are reflected in the curricula), and 
(5) assessment of students` science learning (I tried to choose more various tasks by creating  worksheets for 
assessment). Statements coded under different (5) components of PCK were also coded under categories for each 
component (Table1). For example statements under orientation to teach science were coded as idea about purposes 
and goals for teaching science, the nature of science or the nature of teaching and learning science for students (e.g. 
the statement about orientation to teach science - my view about science as a useful lesson for children’s 
understanding about the world became much stronger - was coded as idea about the nature of teaching and learning 
science for students. 
The frequency of data units were identified (Table 1). The aim here was not to quantify qualitative data to 
elucidate events or views but to indicate the more prevailing tendencies in student teachers science PCK- related 
teaching experiences (cf. Basit, 2003). 
 
3. Findings 
The dominant emotion for the majority of participants during teaching practice was anxiety (11 students). 
Beginners especially experience anxiety because of the complexity of teaching and the uncertainty of achieving 
demanding goals.  Almost as many students (ten) mentioned enjoyment as their dominant emotion. Thus the ratio of 
students with prevalent positive and negative achievement emotions was quite similar. Hope was also indicated as a 
prevailing emotion (by four students) but other emotions (pride, anger and shame) were not indicated. The quite 
equal ratio of positive and negative achievement emotions reveal complexity of teaching practice. Student teachers 
struggle with the rapid flow of activities and everyday habits in the classroom and they can experience failures or 
success but dominant experience is related to different domains of PCK. Different domains are reflected in student 
teachers´ experiences differently (Table 1). 
 
Table1.  Science teacher pedagogical content knowledge (PCK), aspects and categories (Schneider & Plasman, 2011) in student teachers´ (n- 25) 
significant teaching experiences 
Components of science teacher PCK Categories for each component of PCK (numbers of examples) 
Orientations to teaching science (4) 
 
Teachers’ ideas about . . . 
• purposes and goals for teaching science (0) 
• the nature of science (0) 
• the nature of teaching and learning science  for pupils (4) 
Pupils* thinking about science (13) Teachers’ ideas about . . . 
• pupils’ initial science ideas and experiences  
(including misconceptions) (6) 
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• development of science ideas (including process and  
sequence) (2) 
• how pupils express science ideas (including  
demonstration of understanding, questions, and responses) (4) 
• challenging science ideas for pupils (0) 
• appropriate level of science understanding (1) 
Instructional strategies in science (21) Teachers’ ideas about . . . 
• inquiry strategies (e.g., questions and including how to use, how science is 
developed, and how pupils thinking is supported) (2) 
• science phenomena strategies (e.g., demonstrations or predict-observe-explain 
and including how to use, how science presented, how pupil thinking is supported) 
(6) 
• discourse strategies in science (e.g., argument, writing, presenting, or 
conferencing and including how to use, how science portrayed, and how pupil 
thinking is supported) (4) 
• general pupil-centered strategies for science (vs.  
teacher-centered) including how to use and when, how  
science is represented, and match to pupil needs and  
thinking (9) 
Science curriculum (5) Teachers’ ideas about . . . 
• scope of science (importance of science topics and what science is worth 
knowing or teaching) (3) 
• sequence of science (organizing science content for  
learning) (0) 
• curricular resources available for science (2) 
• using standards to guide planning and teaching science (0) 
Assessment of pupils’ science learning (10) Teachers’ ideas about . . . 
• strategies for assessing pupil thinking in science (2) 
• how or when to use science assessments (8) 
*in the original table of Schneider and Plasman (2011) they use the term student instead of pupil. In this study the concept of student teacher was 
used and, for clarity, learners in primary classroom are called pupils. 
 
 In the student teachers´ experiences the most dominant domain of PCK was instructional strategies about 
science (21) revealing the task oriented nature of teaching practice. Students were mostly concerned about how they 
deliver science knowledge to their pupils. Concern about student –centered strategies was the more apparent of all 
components and categories of PCK. Close relationship with pupils were often described. High expectations of 
personal influence on pupils learning outcome were described several times. 
I liked the situations where pupils worked enthusiastically with me even with traditional materials. The idea 
of linking science texts with creative tasks such as a presentation or a short text for discussion about the topic 
reflected very effectively on pupils learning outcomes. 
Knowing and implementing strategies about explaining science phenomena was also important for student 
teachers´. 
Even if some pupils did not want to be involved in science experiments I tried to engage them in my lessons. 
I realized that they just did not have the skills for conducting experiments. I love the opportunity to help them 
master these skills and I hope they will be more enthusiastic about experimenting and investigating new 
ideas.  
However discourse strategies in science and inquiry strategies were mentioned rarely. And then mostly with 
hesitation with regard to a personal ability to implement the strategy or in relation with poor knowledge of science. 
I like the general idea of motivating pupils and doing hands-on research but somehow I have to support 
learning and I am not sure if I can do this for all pupils. I try to use discussion or concept maps during hands-
on research, but I am not sure pupils learn by this as much as I hope 
Sometimes I panic if students ask me something during discussion, so I tend to avoid situations where they 
can surprise me. I know that this not right but it the only way I can get through the lesson. 
The pupils thinking about science was described in 13 examples. Almost half of the examples (six) described 
the anxiety of student teachers´ about pupil’s initial knowledge of science concepts or about attitudes and 
preconceptions pupils have about science. 
My pupils’ background is so different. Some of them like nature and some do not. One of my pupils 
described the worm-farm at her home and some others expressed disgust and ignorance about this. I felt 
disappointed that I have such different attitudes about nature in my classroom but I realize that it might be the 
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same in other topics in science. This is not easy to cope with. I have to support the pupils with a special 
interest and knowledge much more in the classroom. 
Anxiety was mostly related to personal expectations of how pupils should think. A range of values and beliefs 
of pupils about science is, however, inevitable in the classroom and these differences are a considerable factor in 
teaching. This fact seems to be a difficult consideration for student teachers. Positive emotions were, nonetheless, 
mentioned (four examples) in relation to how pupils can already express science ideas or how adequately they can 
describe science activities or procedures. Some pupils´ good understanding of science concepts or interest in the 
specific domain of science was quite surprising for student teachers. However, no experiences about challenging 
pupils’ ideas about science were described and only one example was highlighted of the recognition of the 
importance of thinking about the appropriate level of understanding of science. Thus student teachers seems to 
overlook what pupils have to know and what else over and above the curricula they might know. Some student 
teachers´ (2), however, looked forward to and expressed a hope for their positive role in supporting pupils’ ability to 
develop their science knowledge.  
I still hope that my efforts were worth something. At least I have the feeling that I taught science in a more 
interesting way and this must affect pupils’ knowledge. I managed to teach not only by text books but by 
building new knowledge on previous experiences. 
Experiences related to orientations to science teaching and science curricula were mentioned less – four and 
five times. This result indicates less significant fields of PCK for student teachers. Although the topics of content 
and positive orientation to the subject are stressed both on a national level and worldwide, these topics are not yet 
recognized as very significant by student teachers. Orientation to science teaching was related to enjoyment and 
anxiety but (in both cases) mentioned only twice. The examples student teachers gave (four) were quite simply 
about pupils’ desire or reluctance to learn science. Experiences about the science curriculum were more negative 
than positive (the dominant emotion was anxiety) and examples (3) revealed gaps about the knowledge of the 
science curriculum and about the scope of science. In two cases the scope was mentioned in relation with textbook 
as a curricular resource. 
Sometimes it is hard to explain something to pupils. I do not know much more about some topics then they 
do and , in this situation, it is difficult to use pupil oriented strategies and pick the most important idea to 
concentrate on…..The textbook is also overloaded with facts and it is difficult for me to decide how to 
concentrate on the most important issue during the lesson.  
Organizing science content for learning (sequence of science) and using standards were not mentioned. 
Surprisingly, assessment of student teachers learning was mentioned in relation to enjoyment (ten examples) 
but not in relation to other emotions. Topics of assessment in science tended to be considered as quite complicated 
but student teachers seemed to use assessment and tests as a quick route to constant feedback about their success or 
failure in the classroom. Descriptions were quite general but most (eight) explained how they used assessment of the 
pupils whilst many less (two) described strategies of assessment.  
I like to check what pupils know. It gives me feedback on how well I teach. I was very glad if something we 
did or talked about in the class was correctly presented in the test. 
A positive attitude to assessment helps students` to deal with the complex nature of the issue. 
Thus all the broad components of science PCK emerged in the collected data but not all categories for each 
component were described. 
 
4. Conclusion 
The most dominant area of PCK in students’ significant experiences during teaching practice was classroom 
instruction. This conclusion supports earlier studies (e.g. Timostsuk and Normak, 2008; Brown, 2006) about the 
importance of the immediate environment and the reaction of pupils to student’s opinions of learning. Student 
teachers, however, expected to understand the significance and to value all domains of PCK as equally important. 
The fact that other components of PCK in student learning are twice or less significant, can reveal some reasons why 
primary science teachers do not meet all the expectations of supervisors, teachers and pupils.  It is very hard to 
expect future teachers to teach differently if there is little information about their learning experiences, about the 
science curriculum or about the assessment of pupils´ science learning (cf. Kang, 2007). These areas of PCK should 
be better integrated into teaching practice in initial teacher education. Reflection on the curriculum and the 
assessment of issues with supervisors and teachers might help students to recognize significant topics that reflect 
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also on other fields of PCK (Nilsson and Van Driel, 2012). 
It is to be noted that the majority of examples derived from student teachers’ responses missed out specific 
science- related details of their learning experiences. The expression of general pedagogical ideas was dominant. 
This indicates that student teachers’ PCK consist more pedagogical knowledge then knowledge of science.  Thus 
more specific details about the process and products of science should be a focus of initial teacher education. The 
lack of science specific details may indicate that the amount of science studies is not enough for future primary 
teachers. The place of study courses in teacher education program could also be revised. The information collected 
after the first teaching practice period can provide valuable input for lecturers of science teaching to develop or 
design their follow-up courses. Several categories of PCK were not recognized at all as personally significant by any 
of the student teachers. Ideas about the purposes and goals for teaching science, the nature of science, challenging 
science ideas for pupils and sequence of science or using standards to plan and teach science were not mentioned in 
any context (not in focus group interviews or in answers to open question about teaching experience). Although 
these ideas are constituent parts of science teaching courses in university (conducted prior to teaching practice), the 
need for reflection on these ideas in order to better link them with school practice is evident. Future primary teachers 
seem to be more engaged with questions of how to teach rather than with questions of what and why to teach. 
University teachers and school teachers should, therefore, help student teachers to see and deal with these questions 
from the early stage of teaching practice to help them to develop more balanced PCK. 
Although all students from primary teacher education program finishing their first teaching practicum in Tallinn 
Universiy participated in this study, the number of participants is relatively small. This problem was considered and 
different type of qualitative data collection strategies (interviews, open ended questions) was used. Despite rich 
qualitative data and data analysis in different stages, the study has limitations.  The data collected is based on 
students’ self-reports and respondents may tend to express themselves more positively or in a more socially 
acceptable way. 
Beginner science teachers tend to describe their teaching practices as very leaner-centered but external 
observation contrasted starkly with their beliefs: they behaved in teacher centered ways (Simmons, et al., 1999). 
Thus future observation data about student teachers´ teaching practice lessons could contribute to a more complete 
understanding of primary science teacher learning. Longitudinal data also could also be collected in possible future 
studies on this topic.  
Considering the number of participants in this study, comparative studies of different types of teacher education 
programs from different universities from different countries could be conducted in order to contribute to research 
on this issue.  
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